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Abstract 
In this paper, we report pure and 5 mol% Nd doped Ca3La2 (BO3)4 glasses and their spectroscopic properties. A ternary system 
La2O-3CaO-4H3BO3 was adopted and glasses were prepared by using a conventional melt quenching technique. The amorphous 
nature of the glasses has been confirmed by powder X-ray diffraction analysis. In order to study the spectroscopic properties of 
fabricated glasses, ultraviolet-visible transmission and absorption spectroscopy has been performed. The absorption spectrum of 
Nd doped glass shows that the transition 4I9/2ė4G5/2ˇ2G7/2 is more intense as compared to the other transitions. Optical band gap 
energies of both glasses have been determined and found decreased for Nd doped glass as compare to pure glass. 
© 2016 The Authors.Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ICETEST – 2015. 
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1. Introduction 
Borate glasses have received much attention of scientific community in last several years due to their good 
optical properties. In borate glasses, B2O3 is one of the best glasses former that can provide glasses at low melting 
temperature having high optical transparency over wide spectral range high thermal stability and good rare-earth ion 
accommodation capability [1, 2, 3]. It has been shown that borate glasses are very attractive host matrices for rare 
earth ions because of their high refractive index and low transition temperature. The rare earth ions are of great 
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scientific and technological interest because of their emission properties which arise from the 4f–4f transitions in the 
electronic configurations of these ions [4]. The rare earth ions doped borate crystals and glasses are mostly used as 
promising materials in display devices, sensors, short wavelength lasers and hole burning high-density memories 
due to their attractive spectroscopic, luminescent and laser properties [5, 6]. Recently, a new disordered borate 
family with the general chemical formula M3R2(BO3)4 (M=Ca, Sr, Ba; R=Y, La, Gd) have attracted a great attention. 
The member crystals belong to the orthorhombic system with space group Pnma. These new laser host disordered 
crystals are mechanically hard, have good chemical stability and are nonhygroscopic in nature.  The crystals of 
Nd3+-doped Ca3R2(BO3)4 have been grown by the Czochralski method and the spectroscopic study confirm the 
absorption and emission bands are strongly in homogeneously broadened due to their disordered structure [6]. The 
broadening of absorption and emission bands facilitates efficient pumping and production of ultra-short pulses. 
Similar study has been reported by many researchers on Nd3+, Yb3+, Er3+ doped calcium lanthanum borate 
(Ca3La2(BO3)4, CLB) disordered crystals [8-11]. In the CLB crystal, Ca2+ and La3+ ions are statistically situated in 
three different sites in crystal structure, produces a disordered structure that results in large inhomogeneous 
broadening of the peaks [12]. Although crystals of pure and various rare earth ions doped LCB have been grown but 
there is no report on the preparation of CLB glass and study on its properties. 
In this paper, we report a fabrication of pure and Nd doped CLB glasses. The powder X-ray diffraction (XRD) 
and ultraviolet-visible (UV-vis) transmission and absorption studies have been presented. The direct band gaps have 
also been estimated from UV-vis transmission data. 
2. Experimental 
2.1. Glass preparation   
The synthesis of pure and Nd doped CLB polycrystalline powder samples was carried out using starting 
materials- Neodymium oxide (Nd2O3), lanthanum oxide (La2O3), calcium carbonate (CaCO3) and boric acid 
(H3BO3) and used as they received without further purification.  Nd2O3, La2O3, CaCO3 and H3BO3 of 99.9% purity 
were procured from SD-fine chemicals, Mumbai. Appropriate quantities of starting materials were weighed and 
thoroughly mixed by grinding. Each composition was taken in an open silica crucible and kept in a muffle furnace 
for heat treatment to get pure and 5 mol% Nd doped CLB polycrystalline powder samples. Initially, the mixed 
materials were kept at a 500 oC temperature for 12 h to evaporate the moisture and decompose carbonate present in 
the materials. After cooling, the materials were remove from the crucible and once again grounded and sintered at 
900 oC for next 18 h. The pure and 5 mol% Nd-doped CLB glasses were obtained from corresponding 
polycrystalline compounds according to standard glass technology. Appropriate quantities of polycrystalline 
powders were taken in an open silica crucible and kept in a muffle furnace. The temperature was raised upto 1050 
oC to melt compounds and maintained the temperature for 1–2 h for homogenisation.  The pure and 5 mol% Nd 
doped CLB glasses were obtained by quenching the corresponding melt. The prepared glasses were cut into proper 
shape and polished (Fig. 1) to use in further studies. 
 
 
Fig. 1 Photographs of (a) pure and (b) 5 mol% Nd doped CLB glass. 
 
(a) (b)
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2.2. Characterizations    
The prepared glass samples were subjected to the powder XRD study to confirm the glassy nature. The XRD 
spectrum were recorded by using a X-ray diffractometer (MiniFlex II, Rigaku, Japan) with CuKĮ line of wavelength 
Ȝ㸻1.5406 Å at a scanning rate of 8 o/min and 2ș varied from 10-80o. The prepared glass samples were cut, polished 
well and subjected to UV-vis transmission and absorption studies. The UV-vis spectra were recorded using a fiber 
optic based UV-vis spectrophotometer (BLK-C-SR, StellarNet, USA) in the spectral range of 200-1083 nm at a 
room temperature. 
3. Result and Discussion   
3.1. Powder XRD study    
Powder XRD is an important tool to characterize materials to know its amorphous or crystalline nature. XRD 
analysis was performed on both glass samples and recorded XRD patterns are shown in Fig. 2. The XRD patterns 
show no characteristic peaks indicating the absence of crystalline phase. The diffractograms show only broad diffuse 
pattern at low angles which is characteristic of long-range structural disorder. This study confirms the amorphous 
nature of the prepared glasses.  
 
 
 
Fig. 2 Powder XRD patterns of as fabricated glass samples. 
3.2.  UV-vis spectroscopic study  
3.2.1 Transmission and energy band gap 
The transmission optical spectra recorded in the spectral  range of 200-1083 nm are shown in Fig. 3. From the 
graph, It is observed that the cutoff wavelength of CLB glass is less than the Nd-doped CLB glass. It means that due 
to the doping of rare earth, a shift in absorption wavelength is observed and this effect is called nephelauxetic effect 
[13]. This is due to the deformation of orbitals 4f upon overlap or bond formation. With the increase in the overlap 
of 4f and oxygen orbitals, the energy level structure of Nd3+ ion contracts, that  leads to shift in the wavelength. A 
shift in the wavelength towards higher side is observed for almost all the transitions which is an indication of the 
presence of Nd–O linkages in the glass system [14]. Hence, the cutoff wavelength shifted from 200 nm for pure 
CLB glass to 352 nm for the Nd-doped glass.  
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Fig. 3 Transmittance Spectrum of Pure and Nd doped CLB glasses. 
 
The optical band gaps (Eg) of pure CLB and 5 mol% Nd doped CLB are estimated by ploting a graph of (Įhȣ)2 
versus hȣ as shown in Fig. 4. Where Į is an absorption coefficient which was calculated with the help of  a relation: 
Į=2.303log(1/(1 í A))/d ( here ‘d’ is thickness of the sample and ‘A’ is absorbance) [15, 16].  The optical band gaps 
for both glasses have been estimated by extrapolating a tangnt of straight portion to energy axis. It is clear that the 
direct band gap decreases from 6.28 (pure CLB glass) to 6.18 eV for Nd-doped CLB glass. This can be probably 
related to the progressive increase in the concentration of non-bridging oxygens (NBOs) [16].  
 
 
Fig. 4 Energy band gap of CLB and Nd:CLB glasses. 
3.2.2 Absorption analysis 
UV–vis absorption spectrum of Nd-doped CLB glass was recorded in the wavelength range 200–1083 nm at 
room temperature and shown in Fig. 5. It is observed there are well resolved six absorption peaks in the visible and 
near infrared regions appeared due to transitions between the ground state 4I9/2 and various excited states of Nd3+ ion. 
The transitions associated with peaks and corresponding wavelengths are summarized in table 1[17]. Among these 
transitions, 4I9/2ė4G5/2ˇ2G7/2 is the hypersensitive transition than other transitions.   
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Fig. 5 Absorption spectrum of 5 mol% Nd doped CLB glass. 
 
Table 1. Assignment of transition to absorption peaks and corresponding wavelengths for 5 mol% Nd doped CLB glass. 
Transitions Wavelength 
(nm) From To 
4I9/2 
4F3/2 873 
4F5/2 + 2H9/2 803 
4F7/2 + 4S3/2 742 
4F9/2 675 
4G5/2 + 2G7/2 581 
2K13/2 + 4G7/2 + 4G9/2 524 
 
4. Conclusions 
In conclusion, we report the fabrication of pure and 5 mol% Nd doped CLB glasses by conventional quenching 
technique. The powder XRD analysis confirms an amorphous nature of both glasses. Spectroscopic properties have 
been studied by UV–vis spectroscopy that shows the fabricated glasses have good optical transparency in the wide 
range of UV-vis spectrum and found cutoff wavelength red shifted for Nd doped glass. The direct energy band gap 
of pure and 5 mol% Nd doped CLB glasses have been calculated from the transmittance data and confirmed the 
decrease in band gap of doped glass. The absorption spectrum of Nd doped glass depicts eight prominent peaks 
corresponding to various transitions out of which the transition 4I9/2ė4G5/2ˇ2G7/2 is intense one. The present work 
may serve as an initiative to study further the other properties of Nd doped CLB glasses to decide its applicability in 
optical devices. 
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